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adapted from the work of van Bemmelen et al,2 which
showed that 95% of venous segments in 32 healthy volun-
teers have less than a 0.5-second duration of reverse flow.
In a subsequent publication, the authors proposed a theo-
retic valve closure mechanism on the basis of the results of
their measurements in a series of volunteers.3 When pres-
sure was applied proximal to the studied venous segment,
they observed that the reversed Doppler signal lasted less
than 0.5 seconds when its amplitude corresponded to
velocities higher than 30 cm/s. The authors concluded
that reversed flow higher than 30 cm/s is necessary for
valve closure. From the article, however, it is not clear
whether the valve closure was registered with direct obser-
vation of the valve or with registration of the Doppler fre-
quency changes at a level less than the assumed valve.
Experiments in vitro with controlled flow parame-
ters and direct measurements of valve opening area and
flow velocities4 did not confirm von Bemmelen’s con-
clusions. These and earlier5 experiments showed that
healthy venous valves close rapidly and that reflux does
not occur.
In clinical studies, reverse flow velocities of much less
than 30 cm/s have been repeatedly reported for healthy
subjects. Masuda, Kistner, and Eklof 6 reported mean
velocities of the reversed flow as low as 4.2 cm/s in
healthy volunteers in standing positions during Valsalva’s
maneuver. Valentin and Valentin7 reported peak reflux
velocities from 0 cm/s to 1.58 cm/s. Despite such low
velocities, the valves in these subjects were competent.
The incompetence of venous valves has been consid-
ered to be a central feature in the natural history of primary
and postthrombotic venous diseases. The identification
and quantification of valvular incompetence is an impor-
tant part of the clinical work-up and has a direct impact on
the treatment strategy. The issue has become more impor-
tant since the surgical correction of the incompetent valve
became available.1 Phlebographic evaluation results
allowed the identification of incompetent valves with the
visualization of both the valve cusps and the reverse flow
through the valve. Conventional ultrasound scanning tech-
niques assist in the detection of reverse flow through the
venous segments, but the valves themselves are not rou-
tinely visualized and the presence of valves is actually not
known. With these circumstances, the presence of reverse
flow may be the result of valve incompetence or of the
absence of valves in the studied segment.
The diagnostic criteria currently used for ultrasound
scan identification of valvular incompetence have been
713
From the Straub Foundationa and the Vascular Center,b Straub Clinic and
Hospital, University of Hawaii John A. Burns School of Medicine.
Competition of interest: nil.
Reprint requests: Fedor Lurie, MD, PhD, RVT, Straub Foundation, 1100
Ward Ave, Ste 1045, Honolulu, HI 96814 (e-mail: tedlurie@usa.net).
Published online Feb 14, 2002.
Copyright © 2002 by The Society for Vascular Surgery and The American
Association for Vascular Surgery.
0741-5214/2002/$35.00 + 0 24/1/121123
doi:10.1067/mva.2002.121123
The mechanism of venous valve closure in normal
physiologic conditions
Fedor Lurie, MD, PhD, RVT,a Robert L. Kistner, MD,b and Bo Eklof, MD, PhD,b Honolulu, Hawaii
Purpose: The purpose of this investigation was to study the mechanism of venous valve closure in physiologic condi-
tions in situ, particularly the clarification of the role of reversed flow through the valve in the closure of the valve cusps.
A second purpose was the study of temporal relations between movements of the valve cusps, changes in geometry of
venous sinus, and blood flow.
Methods: Twelve healthy volunteers underwent examination with duplex ultrasound scanning. The time relationship
between the flow and venous valve movements was analyzed on the basis of real time ultrasound scan records of the
saphenofemoral junction. The size and shape of the common femoral vein and the proximal greater saphenous vein were
measured with a planimeter.
Results: Reverse flow below the valve was registered in only one of the 12 studied subjects. The maximum peak veloc-
ity of the reverse flow in this case was 0.8 cm/s and the duration was 0.2 seconds. The reverse flow was registered just
before and just after valve closure. The mean duration of the outflow wave below the valve was 816 ± 57 ms, which
was not significantly different from the time of the valve cycle (819 ± 55 ms; P = .864). The closure of the valve coin-
cided with the decrease of the flow velocities. The first detectable movement of the valve cusps occurred 108 ± 21 ms
after the beginning of the flow deceleration. The mean time interval from the first cusp movement to the complete clo-
sure of the valve was 139 ± 51 ms. Both the size and the shape of the sinus changed during the valve cycle. The size of
the sinus increased as much as 127% of the baseline value (1.79 ± 0.25 cm at baseline; 2.27 ± 0.23 cm maximum; P =
.02), and it became more spheric in shape. The changes in size and shape of the sinus coincided with the movements
of the valve cusps. The first detectable change in the sinus size occurred 80 ± 30 ms after the first detectable movement
of the cusps toward closure.
Conclusion: Reverse flow through the valve is not necessary for the closure of the venous valve. The closure of the
venous valve coincides with the decrease of the flow velocities and the ballooning of the sinus (increase of size and the
curvature of the valve sinus). (J Vasc Surg 2002;35:713-7.)
The velocity of 30 cm/s is also higher than the healthy
outflow range, which was reported as 7 cm/s to 20 cm/s
in the 30-degrees head-up position,8 and therefore is
unlikely to occur with physiologic conditions. This con-
tradiction can be clarified if the velocity measurements are
performed with physiologic conditions and simultaneously
with valve visualization.
METHODS
Twelve volunteers, who had no history of venous dis-
ease, underwent examination with duplex ultrasound
scanning in horizontal and standing positions. In each
position, 5 minutes or longer was allowed for equilibration
before the measurements were performed.
The examination started with the visualization of the
first (proximal) valve of the greater saphenous vein (GSV)
at the saphenofemoral junction (SFJ). After valve identifi-
cation, the transverse plane images of the common
femoral vein (CFV) were obtained just proximal to the SFJ
and the diameter was measured. The measurement was
repeated at the level just distal to the SFJ. Then, a longi-
tudinal view of the SFJ was obtained with at least 2 cm of
CFV clearly visualized proximal and 2 cm distal to the SFJ.
The measurements of the diameter were performed both
proximal and distal to the SFJ. If the results of these mea-
surements were coherent with the measurements from the
cross-sectional view, the position of the probe was consid-
ered appropriate and further observations began. Duplex
ultrasound scan examinations (real-time B mode and syn-
chronized pulsed-wave Doppler scanning) were recorded,
with the frame rate not less than 30 frames/s, and then
printed and analyzed frame by frame. The flow velocities
were recorded at 1 cm caudal to the valve, with the vol-
ume sample placed in the center of the vessel. Each valve
was observed during three complete cycles. The following
parameters were measured on each of the images: the
diameter of the CFV proximal (Fig 1,1) and distal (Fig
1,5) to the SFJ; the diameter of the CFV at the proximal
border of the SFJ (Fig 1,2); the distance from the wall of
the valve sinus to the opposite wall of the CFV at the cen-
ter of the sinus (Fig 1,3) and at the base of the valve (Fig
1,4); the distance from the SFJ to the base of the valve
cusp (Fig 1,7); and the diameter of the GSV at the level of
the valve (Fig 1,6).
The time relationship between flow and venous valve
movements was investigated also frame by frame (at 33.3
ms intervals). When the movement of the cusps or a
movement of the venous wall was consistently identified
on a consecutive series of frames, the time of the first
frame of this series at which the change could be mea-
sured was referred as the time of the first detectable
movement. All the measurements were performed with a
planimeter/digitizer (LASICO series 1282, Los Angeles
Scientific Instrument Co, Los Angeles, Calif).
RESULTS
Reverse flow. Reverse flow below the valve was regis-
tered in only one of the 12 studied cases. The maximum
peak velocity of the reverse flow in this case was 0.8 cm/s,
and the duration was 0.2 seconds. The reverse flow was
registered just before and just after valve closure. All the
other cases showed zero reverse flow.
The mean duration of the outflow wave below the
valve was 816 ± 57 ms, which was not significantly differ-
ent from the time of the valve cycle (from opening to
complete closure, 819 ± 55 ms; P = .864). The closure of
the valve began during outflow and coincided with the
decrease of the flow velocities. The first detectable move-
ment of the valve cusps occurred 108 ± 21 ms after the
beginning of the flow deceleration (Fig 2). The mean time
interval from the first cusp movement to the complete clo-
sure of the valve was 139 ± 51 ms.
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Fig 1. Distances measured on each ultrasound scan image (frame) of saphenofemoral junction (SFG). CFV, Common femoral vein; GSV,
greater saphenous vein; 1, diameter of CFV proximal to SFJ; 2, diameter of CFV at proximal border of SFJ; 3, distance from wall of valve
sinus (at center of sinus) to opposite wall of CFV; 4, distance from wall of valve sinus (at base of valve) to opposite wall of CFV; 5, diam-
eter of CFV distal to SFJ; 6, diameter of GSV at level of valve; 7, distance from SFJ to base of valve cusp.
Size and shape of the venous sinus. Both the size
and the shape of the sinus underwent change during the
valve cycle. Statistically significant changes in distances 2,
3, 6, and 7 (Fig 1) were registered during the valve cycle.
Changes in distances 3 and 7 were especially prominent.
Distance 3 increased as much as 127% of the baseline value
(1.79 ± 0.25 cm at baseline; 2.27 ± 0.23 cm maximum; 
P = .02), and distance 7 increased as much as to 156% of
baseline value (0.66 ± 0.03 cm at baseline; 1.03 ± 0.08 cm
maximum; P = .001). At the same time, distance 4 did not
change significantly. In other words, the sinus increased in
size and became more spherical in shape (Fig 3).
The diameter of the GSV (distance 6) increases to a
much lesser degree, although the change was statistically
significant (P = .001). The baseline value was 0.93 ± 0.04
cm, and the maximal value was 0.97 ± 0.04 cm. The diam-
eter of the CFV (distances 1 and 5) did not significantly
change.
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The changes in the size and the shape of the sinus
coincided with the movements of the valve cusps. The first
detectable change in the sinus size occurred at 80 ± 30 ms
after the first detectable movement of the cusps. We did
not observe any statistically significant changes in dis-
tances 1 and 5.
DISCUSSION
The understanding of the mechanism of venous valve
closure has a profound effect on the interpretation of the
results of ultrasound scan examination. The use of reflux-
provoking maneuvers, such as the Valsalva’s maneuver,
manual, or cuff compression above the segment under
study, proved to be a valuable clinical tool. These testing
procedures create a pressure increase above the valve,
which forces the blood to flow back through the valve
until the valve completely closes. With these circum-
stances, reverse flow through the valve is likely to occur.
Fig 2. Time relation between venous flow and valve cycle. Mean duration of outflow wave was 816 ± 57 ms. Closure of valve began
during outflow and coincided with decrease of flow velocities. First detectable movement of valve cusps occurred at 680 ± 66 ms after
beginning of cycle or 108 ± 21 ms after beginning of velocity decrease. Mean time of valve closure (interval from first cusp movement
to complete closure) was 139 ± 51 ms.
Fig 3. Changes in venous sinus size and shape during valve closure. Solid lines represent shape of junction at beginning of cycle; dashed
lines represent shape of junction at time of valve closure. Venous sinus increased its size and became more spherical (ballooning) during
closure of valve. Distances 3 and 7 increased, and distances 1 and 4 remained unchanged. CFV, Common femoral vein; GSV, greater
saphenous vein.
Because these maneuvers are artificial, observations of
their effect on the valve may not be extrapolated to the
healthy physiologic state.
Our observations do not support the hypothesis that
reverse flow through the valve is necessary for valve clo-
sure. In physiologic conditions, we found absence of
reverse flow through the valve in seven of eight cases. In
the only case in which reversed flow was found, this flow
was registered when the valve cusps were almost closed
and immediately after the complete closure of the valve.
We postulate that the negative Doppler shift was the result
of the cusps and wall movements or of the movement of
blood distal to the valve caused by valve closure, rather
than actual flow through the valve.
Methodologic differences may explain the apparent
discrepancies between our data and the result of previously
published reports of valve function.2,3 In previous studies,
the venous valve was not visualized, which means the site
of velocity measurements relative to the valve was
unknown. It is possible that the measurements were per-
formed at the valve station or above the valve. The flow
measurements might be performed in an avalvular seg-
ment of the vein. The provoking maneuvers in this case
will result in a short reversed flow, even when both proxi-
mal and distal valves are competent.
The possibility that the movements of the valve cusps
and the venous wall during and immediately after valve
closure can produce Doppler frequency shift similar to
reverse flow has been shown before.3 This Doppler signal
can be misinterpreted as a reverse flow in cases in which no
reverse flow actually occurs.
In vitro study results4 showed that there is no reverse
flow passing through the valve either before or during clo-
sure. The valve can respond immediately to small negative
pressure gradients and begin to close before reflux takes
place. Our observations are in agreement with these
experiment results.
The other finding of this study is the change in the size
and shape of the sinus associated with valve closure. The
sinus increases its diameter and assumes a more circular
shape during closure of the valve. These data confirm in vivo
endoscopic observations10 and ex vivo experimental find-
ings.4,11 It is possible that these sinus changes facilitate the
immediate response of the cusps to the changing flow.4,11
The mechanical properties of the sinus wall are differ-
ent from the properties of other segments of the vein. In
particular, the sinus wall is more expandable with the same
pressure.12,13 The simultaneous ballooning of the sinus
and the closure of the valve might be the result of an
increase in the local pressure in the valve area caused by
the deceleration of the flow, which occurs at the same time
(Fig 2).
A simplified theoretic model of the venous valve is
often used in physiologic and clinical texts. This model
implies that the valve leaflets react passively to the changes
in direction of the flow, which in turn is caused by rever-
sal of pressure gradient between segments proximal and
distal to the valve. Within this model, the reverse flow
through the valve is absolutely necessary for the closure of
the valve. Without the consideration of local forces on
both sides of the valve’s leaflets, it is impossible to under-
stand how the valve can start to close while antegrade flow
continues. Exactly the same logic can lead to the state-
ment that the sailboat cannot sail against the wind.
Leonardo da Vinci first discovered the hemodynamic
role of the sinus of aortic valve.14 He predicted that the
blood stream should divide when passing the valve, half
reversing into the sinus and generating a vortex and the
other half following the wall of the aorta. This was later
confirmed experimentally and is considered as one of the
major factors in the bioengineering approach to artificial
valve construction.15 The physiologic role of this return-
ing portion of the flow is to keep the leaflets of the valve
apart from the wall, increasing pressure in the sinus and
therefore pressing the leaflet away from the wall. When
the flow through the valve slows down, the pressure from
the sinus starts to close the valve.
The similarities in the geometry of the venous valve
and the aortic valve are likely to lead to similar flow pat-
terns. Carrier16 studied the action of venous valves in situ
in the bat’s wing. In his 1926 publication,16 he described
that when the vale opens, it does not fall all the way back
against the side of the vessel but makes an angle of about
30 degrees with the wall. He also observed the motion of
the blood cells into the space between the wall and the
leaflet. Our observations of in situ venous valves in
humans with B-flow ultrasound scanning17 confirmed that
the same pattern of flow occurs in the venous sinus as it
does in the sinus of the aortic valve.
This study showed that the sinus of the venous valve
changes its shape and dimensions during the valve cycle.
These changes can be interpreted as a result of increasing
pressure in the sinus. The fact that these changes coincide
with the beginning of the valve closure and with the decel-
eration of the venous flow support the hypothesis that
local fluid-dynamic behavior in the valve station area plays
a central role in the mechanism of valve closure.
The existence of this mechanism does not exclude
other possible scenarios, such as the closure of the valve in
reaction to the reverse flow. However, in the physiologic
conditions of our observations, we did not register the
reversal flow through the valve. In contrast, the described
sinus changes were persistent.
In conclusion, direct observations of the proximal
saphenous valve of the SFJ combined with simultaneous
velocity measurements showed that reverse flow is not
necessary for the closure of the healthy venous valve. The
closure of the venous valve coincides with the decrease of
the flow velocities and the ballooning of the sinus
(increase of size and the curvature of the valve sinus).
Further investigations are needed to study the detailed
mechanisms of the venous valve closure.
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